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FOREWORD 


This Working Series report was developed by the Comprehensive Resource Inven- 
tory and Evaluation System (CRIES) project staff. Activities of the CRIES project 
in Costa Rica are funded under PASA jf AG/TAB-236-14-76 between the U.S. 
Department of Agriculture and the Agency for International Development. Parti- 
cipation of Michigan State University is covered under Research Agreement #12- 
17-07-8-1955 between. the Economics, Statistics, and Cooperatives Service of the 


fe 5215 Department of Agriculture and Michigan State University. 


The CRIES project staff (constituted of personnel from the Soil Conservation 
Service (SCS, USDA), the Science and Education Administration (SEA, USDA), the 
Economics, Statistics, and Cooperatives Service (ESCS, USDA), and personnel from 
the Remote Sensing Project, Department of Resource Development, and Depart- 
ment of Agricultural Economics of Michigan State University) was responsible for 
project activities in Costa Rica. Mark Cochran, Research Specialist, Department 
of Agricultural Economics, and James B. Johnson, Agricultural Economist, ESCS, 


coordinated the preparation of information and reports for Costa Rica. 


This report describes the land resource base of Costa Rica. The report is 
introduced by an overview of the taxonomic systems underlying the derivation of 
the Resource Planning Units. The Resource Planning Unit (RPU) and Production 
Potential Area (PPA) concepts are discussed. Methods and materials used for the 
soil, crop climate, and RPU classifications are reported. An RPU table for Costa 
Rica is presented. Supporting material also included in the report are a page-size 
RPU map of Costa Rica and the descriptive sheets for the map units on the soil 


map of Costa Rica (the latter as Appendix A). 


Major portions of this report, including the RPU table, were prepared by Kenneth 
Ackerson of the CRIES project staff and the Soil Conservation Service, Alan 
Atchley of the CRIES project staff and the Science and Education Administration, 
and Ellis Knox, operating partner in Soil and Land Use Technology, Incorporated 
(consulting firm) and consultant to the CRIES project staff. The CRIES project 
efforts to assemble a soil map of Costa Rica were coordinated and joined with the 
efforts of the Natural Resource Division of the Office of Agricultural Sector 
Planning (OPSA), Government of Costa Rica. Ellis Knox, Samuel Perez (OPSA), 
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and Alfredo Alvarado (University of Costa Rica) collaborated in assembling the soil 


map of Costa Rica that underlies the Resource Planning Units delineated in this 


report. 


John W. Putman, Head of the CRIES project, contributed substantially to the 
writing of the taxonomic discussion of this report. Mark Cochran and Weldon 
Lodwick of the CRIES project staff provided suggestions, based on discussions with 
collaborators from the Technological Institute of Costa Rica at Cartago, on items 
that should be included within this report to assure its usefulness in agricultural 
resource planning and training activities in agricultural resource planning in Costa 


Rica. 


Mrs. Susan E. Campbell, secretary to the CRIES project staff, typed all copies of 
this report. 


James B. Johnson 

Agricultural Economist 

CRIES Project 

Economics, Statistics, and Cooperatives Service 
U.S. Department of Agriculture 
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LAND RESOURCE BASE REPORT: COSTA RICA 


Land Resource Classification System 


Introduction 

The Agricultural Resource Information System will provide the capability to 
explore national questions about current and potential capacity to produce alterna- 
tive levels and mixes of food, fiber, and export crops and associated levels of 
employment, income, and foreign exchange. The land resource base assessment 
will provide a partial basis for assessing the comparative advantage of the various 
resources in the production of agricultural commodities. The information on land 
use will provide a partial basis for doing comparative impact analyses of alterna- 
tive programs and policies to evaluate the comparative advantage in the use of the 
agricultural resource base. 

To provide for analyses of comparative advantage in the use of agricultural 
resources, it is necessary that the land resources be inventoried and aggregated 
into areas for which reasonable, unique estimates about land use, crop adaptations, 
crop productivity, management practices, and development options can be made. 
To facilitate incorporation of the land resource information into the Agricul-tural 
Resource Information System, it is also necessary that these resource units be 
geographically identified so they can be cross-referenced with other information on 
resource use, administrative boundaries, and other information useful and essential 
to assessing production potential and useful for planning, policy and program 
analyses, and implementation. 

The need for both a homogeneous resource area and a geographically identified 
resource planning unit require that the Agricultural Resource Information System 
use a two-level system of land resource classification to accommodate these 
information management and analytical needs. The homogeneous resource unit is 


called a production potential area (PPA). The unit that is geographically and 
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cartographically ered to facilitate information management is called the 
resource planning unit (RPU). 

The concepts and definitions of PPAs and RPUs reflect the relationships 
among soils, climate, and plant growth. Soil resources are stratified according to 
the U.S. Department of Agriculture's Soil Taxonomy. Agroclimatic characteristics 
are Classified according to the U.S. Department of Agriculture's "Crop Climate 
Taxonomy." The basic precepts of each taxonomy are discussed as a prelude to 
discussing the derivation of the production potential areas and resource planning 
units. 

Agricultural production requires the presence of naturally-occurring factors 
such as soil, temperature, water, light, and many others in the general proportions 
needed by plants. These many interrelated factors are frequently grouped into two 
components -- soil and climate -- to simplify the problem of estimating the im- 
pacts of the environment on the adaptability and vigor of economically important 
plants. 

The interrelated nature of soil and climate in the physiographic and biologic 
environment is recognized in Soil Taxonomy. Higher categories of the system use 
differentiating characteristics such as broad moisture and temperature regimes as 
well as the presence or absence of diagnostic horizons and soil properties. Within 
these broad categories, other factors such as parent materials and relief give rise 
to differences among individual soils. It is these differentiating factors which give 
rise to unique characteristics of the various classes of soils in the lower categories 
of the soil classification system and, in turn, affect the adaptability and vigor of 
plants. Variations in climate caused by such factors as altitude, prevailing winds, 
and seasonality are reflected in the distribution of specific plant species within 
broad vegetative patterns. The discrimination of plants for an optimum growing 
environment defined in terms of soils and climate make feasible the delineation of 


resource units suitable for agricultural planning. 


EQE 
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Soil Taxonomy 


1/ 


Soil Taxonomy-" is a soil classification system developed by scientists from 


the U.S. Department of Agriculture, from land grant universities in the United 
States and from many foreign countries. 

The system, based on 50 years of soil research and published in 1975, is new in 
design and nomenclature above the categorical level of the soil series. Nomencla- 
ture in prior systems was characterized by ambiguous common names, diverse 
linguistic origins, and few systematic properties. Nomenclature in Soil Taxonomy 
uses mainly classic Greek and Latin roots that are connotative as far as possible 
and fit most European languages without translation. Moreover, the roots are 
combined in a systematic manner so that the name of each taxon clearly indicates 
the place of the taxon in the system and connotes some of its important properties. 
Soil scientists using Soil Taxonomy can now make certain statements about soil 
properties from direct reference to the soil name. 

The classification system is based upon natural relationships and is designed to 
emphasize relationships which enhance predictions that pedologists can make about 
the behavior of a particular taxon under stated conditions for stated purposes. The 
definitions of the diagnostic criteria are intended to be factual and leave little or 
no option for subjective application. Each category is an aggregate of taxa, 
defined at the same level of abstraction. The categories are order, suborder, great 
group, subgroup, family, and series, expressed in order of decreasing rank. The 
highest category, order, has the smallest number of classes and the greatest degree 
of generalization and heterogeneity progressing to the lowest category, the series, 
which divides soils into a large number of classes that are quite homogeneous and 


based on criteria similar to those used for classes in other categories; however, 


Ueoit Taxonomy, A Basic System for Soil Classification for Making and Inter- 
preting Soil Surveys. Soil Conservation Service, USDA. Ag. Handbook No. 436, 


December, 1975. 
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the range in one or more properties is much narrower than that permitted in higher 


categories. 


Properties: 


Conceptually, the system, at the order level, groups soils into ten classes on 
the basis of the presence or absence of diagnostic layers (horizons) and unique 
chemical, physical, or mineralogical properties. Within these orders, only the 
nature and properties of the specific soils in those orders need to be considered in 
applying differentiating characteristics to divide orders into suborders, great 
groups, etc. Hence, differentiating characteristics are not applied uniformly 
throughout the system but are selected, as appropriate, to produce the desired taxa 
to categorize the diverse and complex population into successively more homoge- 
neous taxa. Generally, suborder differentiation tends to emphasize moisture and 
temperature regimes. Great group differentiations are based on kinds and 
arrangements of diagnostic horizons and different genesis. Subgroups are based on 
properties common to other categories or are not used for any taxon at a higher 
level in the system. 

Families are the lowest class of the systematic portion of Soil Taxonomy. Soil 
families are differentiated by a number of soil properties. The most common are 
particle size distribution in the horizons of major biologic activity below plow 
depth, mineralogy of the same horizon, and soil temperature regime. Other 
properties such as soil depth, content of carbonates, cementation, and the like are 
also employed if important. In countries where soil series are not uniformly used, 
phases of soil families may be used as soil mapping units and represent the most 


completely defined classes in the taxonomy. 


Nomenclature: 
Name roots used in Soil Taxonomy are mainly from Greek and Latin words 


with connotative meaning. 
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Table 1. -- Derivation of soil order names. 


Formative Element 





NAME Element Meaning 
Entisol ent meaningless 
symbol 
Vertisols vert L. verto, 
turn 
Inceptisol Cerne L. inceptum, 
beginning 
Aridisol arid L. aridus, 
dry 
Mollisol oll T mollis, 
soft 
Spodosol od Gr. spodos, 
wood ash 
Alfisol alf meaningless 
symbol 
Ultisol ult L. ultimus, 
last 
Oxisol Ox Fr. oxide, 
oxide 


Major Characteristics of Order 
Recently formed soils. 
Shrinking and swelling clay (30%) 


soils. 


Young soils with few or faint diag- 
nostic features or layers. 


Soils of arid regions. 


Soils of steppes and plains with thick 
dark surfaces high in humus. 


Soils with subsoil accumulations of 
sesquioxide and humus. 


High base status soils; subsurface 
layer of accumulation of translocated 
clays. 


Low base status forest soils; subsur- 
face layer of accumulation of trans- 
located clays. 


Sesquioxide-rich, highly weathered 
soils of the intertropical regions. 


The formative elements in the soil name are carried through to the subgroup 


level so that the name will connote certain soil properties and indicate each higher 


taxon to which it belongs, the soil subgroup Typic Humitropept is used to 


demonstrate the system as follows: 
ORDER 

SUBORDER 

GREAT GROUP 


SUBGROUP Inayle 


25. 


INC EPT ISOL 
TROP EPT 
HUMI TROP EPT 


HUMI PROP SER T 


| Seren | 


Family names are formed by adding specific descriptive elements as modifers 
to the subgroup name. An example of a family name would be: 


Typic Humitropept, fine, mixed, isothermic. 


Crop Climate Taxonomy 

Patterns of natural vegetation, have been created by the same temperature 
and moisture regimes and are associated with the broad patterns of soils used in 
Soil Taxonomy. These patterns can be differentiated into more detailed taxa on 
the basis of factors known to be important to specific plants within the broad 
vegetative patterns. Such taxa narrow the range of plant adaptability necessary 
for interpretations relative to adaptability and productivity of plants of economic 
importance. 

The "Crop Climate Taxonomy" is a system that draws upon the vast body of 
work in climatic/vegetative classification systems and is generalized to accommo- 
date eure from available sources useful for classification. The system is designed 
to capture the major factors which influence plant life -- temperature, moisture, 
and light. The specific parametric indicators of these factors are selected and 
defined in terms of those most commonly available from standard weather records. 
Hence, the taxa can be defined in terms of readily available data and calibrated to 
field observations of existing vegetation. By establishing and measuring the 
ecological tolerance of a great many plants the system can also be used to specify 
crop climate delineations through consideration of the existing vegetation in areas 
which have no weather stations. 

Three levels of classification are conceptualized in the taxonomy -- primary, 
secondary, and tertiary. Primary level taxa are based upon day length, annual 
precipitation, and seasonality of precipitation. Latitude is used as an indicator of 
day length and the general temperature regime with provisions for altitudinal 


variation and its effect on temperature. Primary categories are divided into 
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secondary categories using monthly precipitation during the wet season, average 
monthly temperature during the wet season expressed in OG gradients, and the 
occurrence of frost. Tertiary levels have not yet been developed. Anticipated 
criteria for this level include temperature extremes, continentality, and climate 


equability. 


Primary Crop Climate Zones: 


Primary crop climate zones are classified in terms of day length, annual 
precipitation, and seasonality of precipitation. The system theoretically encom- 
passes 108 primary taxa; however, in actuality some may not actually exist (4000 
mm of moisture in polar climates, for example) and others have no explicit 
relevance to commercial agriculture. It is estimated that approximately 50 or 60 
will be found as important for rainfed agriculture. 

Latitude, as a measure of day length and as an approximation of temperature 
is used to stratify the earth into four zones -- tropic, subtropic, temperate, and 


polar. The specific criteria for these zones are shown (Table 2). 
Table 2. -- Latitude and temperature criteria for crop climate zones. 


Zone Latitude Average Annual 
Temperature at Sea Level 


Tropic ge74? > 24 
Subtropic 24-34° 18-24 
Temperate Bios 6-18 

Polar ask a =26 


Annual precipitation categories were chosen on the basis of critical levels of 
precipitation for rainfed agriculture. The nine categories of annual precipitation, 
starting with one of greater than 4000 mm and ending with a class of less than 300 
mm are not of equal width. Category widths at the lower annual precipitation 


levels are narrower to reflect conditions where minimal absolute changes in 
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precipitation would be expected to drastically alter plant adaptability and produc- 
tivity. 

The four categories of temperature - latitude (Table 2) are combined with the 
nine categories of annual precipitation to form the 36 root names for the crop- 


climate zones (Table 3). 


Table 3. -- Annual precipitation ranges and root names for primary crop-climate 
zones. 


Latitude Temperature Zones 


Annual 
Precipitation 

Ranges Tropic ‘Subtropic Temperate Polar 

—=-MM== enn Root Names---------- 
> 4000 Mad Hydr Dev Siccstir 
2500-4000 Pluv Brum Not Pager 
2000-2500 Balne Fluv Niv Malk 
1500-2000 Plad Ferac Hiem Sbest 
1000-1500 Vir Ror Hibern Psychr 
7 50-1000 Cal Gel Velp Astag 
500 - 750 Psak Chondr Gran Briz 
300 - 500 Siccane Aestiv Dan Alg 

+ 300 Hid Pulver Auchm Abysstir 


The average annual precipitation values, selected to form the ranges which 
define crop climate taxa, were determined by referencing known critical moisture 
limits (both minimum and maximum) of important crops in the tropic and subtropic 
zones of the developing world. Below are listed some of the relevant rainfed 
requirements of important crops for each value selected. 

300 mm 

This is considered to be the dividing line between areas suited only to very 

drought-tolerant forage plants such as saltbush or mesquite and areas able to 

sustain some level of cultivated crops. Areas which receive more than 300 

mm/yr precipitation are usually able to support some small grains (barley or 


pearl millet, e.g.), sorghum, or drought-tolerant forage legumes such as 
Bellamon lucerne. . 
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500 mm 


This is considered the effective lower limit for rainfed cotton as well as for 
certain pasture and fodder species such as Rhodes grass and weeping lovegrass. 
It is taken to be the upper limit for the most drought-tolerant forage legumes 
such as Bellamon lucerne. 


750 mm 


This is considered the upper limit for other drought-tolerant pasture and 
fodder species such as Columbus grass. Above this value climates may be 
compatible with cassava and Townsville lucerne. Rice requires approximately 
this minimum amount during the growing season, so unimodal climates this wet 
or wetter may support it. 


1000 mm 


This value is usually considered the lower limit for the optimal cultivation of 
many pasture and fodder species, such as: Molasses grass, pangola grass, 
guinea grass, dallis grass, and Napier grass. It is also considered the lower 
limit for rainfed pineapple, sisal, and citrus, and the optimal range for 
cassava. Maize usually does well with about this much rainfall during its 
growing season, so unimodal climates this wet or wetter may support it. 


1500 mm 

This is taken to be near the upper limit for optimal performance of soybean, 
cotton, pineapple, and such legume fodder/forage crops as kudzu. It is 
considered the lower limit. for some other crops such as banana, coconut, 
coffee, and possibly cacao. 

2000 mm 

This is considered the lower limit for oil palm, and for the optimal perfor- 
mance of rainfed banana. It may be the upper limit of optimal performance 
Tor coriée, 

2500 mm 

This is considered the lower limit for tea, rubber, and black pepper, and the 
upper limit for cacao, mango, and some important leguminous fodder crops 
such as Townsville lucerne. 


4000 mm 


This is taken to be the upper limit for rubber and rice. At this level of rainfall 
few crops, with the possible exception of black pepper, are well documented. 


The values defining the Crop Climate taxa by latitude and temperature were 
selected with latitude as a proxy for daylength, and with temperature varying both 


with latitude and altitude. Latitude serves as a rough indication of climatic 
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equability, length of growing season, occurrence of frost, and even precipitation, to 
varying degrees of reliability. It is known that plants have daylength and 
temperature, as well as rainfall requirements, but most often their reported 
temperature requirements are phrased in units other than mean annual or monthly 
temperature. For the purposes of the "Crop Climate Taxonomy," taxa are 
delimited in accordance with certain past climatological practice and modified by 
judgemental considerations about known cropping patterns and isotherm maps. 
Temperature values expected of latitudinal zones are defined and provisions are 
made for altitudinal variation to be reflected in the nomenclature. Certain values 
of average annual temperature may be taken to imply the occurrence of yearly 
frosts. Such frosts are thought to have determinant importance for vegetation. 

The basic 36 root names are expanded to 108 by adding suffixes "id", "(i)ous", 
and "(ijal" to the root names to indicate the number of wet seasons. The criteria 


for these suffixes are shown (Table 4). 


Table 4.-- Number of wet seasons and corresponding suffix designations for 
primary crop climate zones. 


Number of SUTLIX 
Wet Seasons Criteria Designator 
0 No clearly defined groupings of months with id 


average monthly precipitation significantly greater 
than monthly average annual precipitation. 


1 A single group of two or more months with (i)ous 
average monthly precipitation significantly greater 
than monthly average annual precipitation. 


2 Two groups of two or more months with (i)al 
average monthly precipitation significantly greater 
than monthly average annual precipitation. 
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As an example, the name root for a crop climate zone in the Temperate 
latitude-climate category with 750-1000 mm of annual precipitation is Velp. The 
three possible primaries are then: 

(1) Velpid 
(2) Velpous 
(3) Velpial 


h and 5gth 


A Velpid crop climate zone is one that is located between the 34 
latitude, with a mean annual temperature in the EACLE range mean annual rainfall 
of 750-1000 mm, and with no apparent seasonality of precipitation (no clearly 
defined groupings of months with average monthly precipitation significantly 
greater than the monthly average annual precipitation). Velpous would be in the 
same latitude and mean annual temperature and precipitation ranges, but would 
have one pronounced precipitation period with average monthly precipitation 
greater than monthly average annual precipitation. In a similar manner, Velpial 
would demonstrate similar location precipitation, and temperature ranges, but have 


two pronounced precipitation periods. 


A schematic of the primary crop climate name is shown below (Figure |). 


Figure |. -- Primary crop climate taxonomy. 
Nomenclature 


Root name indicates Suffix indicates number 
temperature/latitude of wet seasons. 
and annua! precipitation. 


Example: Velpous 


Temperate zone, One wet season. 

750-1000 mm/year. Two or more consecutive 
months with average monthly 
precipitation significantly 
greater than monthly average 
annual precipitation. 
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Secondary Crop Climate Zones: 


Primary crop climate zones are divided into secondary crop climate zones on 
the basis of the occurrence of frost, the average monthly temperature during the 
wet season(s), and precipitation characteristics during the wet season(s). 

Nomenclature for secondary crop climate zone consists of three words: the 
first two words reflect the criteria used to identify the secondary taxa; the third 
word identifies the primary taxa (the formation of which was discussed in the prior 
section). 

The first word in the secondary crop climate nomenclature indicates the 
presence or absence of frost: 

occurrence of frost -- "cryic" 

absence of frost -- "thermic" 

The second word in the secondary crop climate nomenclature indicates the 
mean monthly temperature during the wet season(s) and the quantity of rainfall in 
the wet season(s). 

The mean monthly temperature during the wet season(s) is expressed in 2°C 
gradients and the corresponding name for each of these increments forms the 


prefix of the second word (Table 5). 
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Table 5. -- Mean monthly temperature gradients and 
prefix indicators for secondary crop climate zone 


name. 
Mean Monthly Pret x 
Temperature Indicator 
San. 4) Nul 
O- 2 Bi 
2- 4 Qua 
ee (4 Hex 
6- 8 Oct 
8 - 10 Dec 
10-12 Nai 
12-14 Arb 
14-16 Sit 
16 - 18 Teman 
18 - 20 Ash 
20 - 22 Di 
22 - 24 Cator 
24 - 26 Seis 
26 - 28 Huit 
28 - 30 Dix 
50) Cent 


Precipitation levels during the wet season determine the suffix portion of the 
second word of the secondary designator. As previously discussed, one of the three 
primary class classifiers was the number of wet seasons --- no pronounced wet 
season, one wet season, and two wet seasons. The suffix name is keyed to mean 
annual rainfall level, the number of wet seasons, and level(s) of precipitation in the 


wet season(s) (Table 6). 
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Considering the prior examples of the primary class names, there were three 
possibilities: Velpid, Velpous, and Velpial. The prefix indicates a zone of 750 mm 
to 1000 mm range in annual precipitation and a 6°C to 18°C mean annual 
temperature range. The suffixes, "id," "(i)ous," and "ial" indicate no wet season, 
one wet season, and two wet seasons, respectively. Based on these three primary 
class names, if it is assumed that frost could occur and the mean monthly 


temperature is taco the following secondary crop climate names are possible: 


Average Monthly Average Monthly 


Wet Season Wet Season Primary 

Frost Temperature Precipitation Name 

No wet season cryic nai eukrene Velpid 
One wet season cryic nai parakaster Velpous 
cryic nai telematos Velpous 

Two wet season cryic nai apobammkin Velpial 
cryic nai brechina Velpial 

cryic nai ardeutos Velpial 


If frost did not occur, there would exist the same set of possibilities with the 
first word of the secondary designator of the secondary crop climate names being 
"thermic". In the 6 to 18°C mean annual temperature range, the prefix for the 
second word could also be "oct", "dec", "arb", "sit", or "teman" based on the 
calculated mean monthly temperatures during the wet season(s). 


Naming of the secondary crop climate zones is shown below (Figure 2). 
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Figure 2. -- Secondary crop climate taxonomy. 


Secondary Crop 
Climate Zone 


Name: 
Secondary Nomenclature . Primary Nomenclature 
First name Second name Root name = Suffix 
indicates frost indicates 
or no frost. | 
Average monthly Average monthly 
temperature of precipitation of 
wet season(s). wet season(s). 
Example: Secondary Nomenclature + Primary Nomenclature 
Thermic Nai telmastos Velp ous 
(No frost) | | 
11°C wet season One hyper wet season 
temperature. with greater than 125 mm 


per month precipitation. 


Map unit notation for Costa Rica expresses associations or gradations of 
climate. (¢/Fluvi-) Balneous, for example, is to be read, "Balneous mixed with or 
grading to Fluvi-Balneous," the null sign (¢) indicating that no prefix relating to 


altitudinal cooling (such as Fluvi) is necessary for part of the map unit. 


The Resource Planning Unit and Production Potential Area Concepts 

The concepts and definitions of Resource Planning Units (RPUs) and Produc- 
tion Potential Areas (PPAs) reflect the relationships among soils, climate, and 
plant growth. The natural landscape may be viewed as an intricate complex of 
similar and dissimilar climate, soils, and vegetation which occur in a consistent, 
regular, and/or repeating pattern. The delineation of the landscape into these 
natural physiographic and ecological map units furnishes the geographically- 
identifiable needs of the Agricultural Resource Information System as RPUs. 
RPUs are generally composed of a variety of similar and often contrasting soil 


bodies and microclimates which may occur in intricate and complex spatial 
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patterns. Such complexities, however, are generally regular and repeating in 
nature and are uniquely different from the spatial patterns and complexities of 
other RPUs. 

RPUs have discernible natural features and properties that distinguish them 
from other RPUs. The interpretation of RPUs for plant adaptability, productivity, 
and management requirements must take into account the soils and microclimates 
in greater detail. Hence, the individual, major soil bodies and associated 
microclimates composing an RPU become the analytical units, production potential 
areas, for production potential analysis. 

RPUs and PPAs are specifically defined as follows: 

Resource Planning Unit -- a geographically-delineated unit of land (not 

necessarily contiguous), that is relatively uniform with respect to land 

forms, kinds and patterns of soil bodies, climates, water resources, and 

potential vegetation. 

Production Potential Area -- a PPA is an aggregate area of individual 

soil bodies and associated micro-climates within an RPU which is 

sufficiently homogeneous with respect to plant adaptability, potential 

management requirements, and productivity to be reliably depicted by 


unique estimates of those parameters for national and regional analy- 
sis and planning. 


RPUs serve several purposes. They divide the landscape into natural, 
physiographic planning and implementation units. RPUs serve as reference points 
for field technicians. They can be described with respect to their climates, 
physical characteristics, and major soil components to provide planners with a 
device to screen development options. They provide the geographic reference for 
the Land Inventory Subsystem of the Agricultural Resource Information System to 
merge, cross-classify, and aggregate natural resource data from various sources 
with tabular data by administrative boundaries. 

Although PPAs have not yet been identified for the RPUs in Costa Rica, they 
are taxonomically definable and could be mapped in more detailed studies; 
however, mapping them is unnecessary for national planning and policy analysis. 


Policy choices and priorities can be based upon estimates of the area, distribution, 
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and patterns of PPAs within an RPU. Detailed investigation and mapping can be 
more efficiently programmed after national policies and priorities are established. 

Identification of PPAs in the future would afford a basis for making interpre- 
tations of crop adaptability, productivity, and management requirements for the 
analyses of planning and management options. The distribution, size, and associa- 
tions of the individual PPAs and their patterns with respect to other PPAs within 
an RPU would need to be known. Program implementation is affected by the 
nature of the individual resources and by the interrelationships, patterns, and size 
of the resource units. The kinds and intensities of feasible programs would be 
included in the description and interpretation of RPUs to aid planners in screening 
potential management options for PPAs. 

Patterns of distribution of PPAs can be defined. The three PPA patterns used 
in the agricultural resource information systems of other countries, and ultimately 
would be useful in describing PPAs and the planning and management constraints 
they impose for Costa Rica, are defined as follows: 

Intricately Patterned PPAs -- When two or more PPAs generally occur 
in patterns composed mostly of individual PPA bodies of less than five 
hectares, they will be described as intricately patterned. For national 
planning, such PPAs are considered as a single unit and represented by 
a single-valued input coefficient (productive factors) and an output 
(yield) coefficient. 

Finely Patterned -- When two or more PPAs generally occur in pat- 

terns composed of individual PPA bodies usually larger than five 
hectares they will be described as finely patterned. For national 
planning, finely patterned PPAs are considered as individual units for 

most management options but carry size constraints for some program 

and project purposes. 

Coarsely Patterned -- When individual PPA bodies occur within an 

RPU in coarse patterns that are predominantly larger than 100 
hectares, they are described as coarsely patterned. Such PPAs are 
treated as separate units for national planning. 

Consider the following example: An RPU consists of a mountain range 


intersected by small valleys. Two PPAs, representing the flood plains and terraces, 


within the RPU are described as coarsely patterned in the valleys. Two intricately 
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patterned PPAs, one with deep, fertile soils and the other with shallow, rocky, 
infertile soils, form the mountain portion of the RPU. Because the valley PPAs are 
coarsely patterned, different programs for the management and utilization of the 
two PPAs can be considered and both can be planned independent of the mountain 
PPAs.. The two mountain PPAs, however, must be planned as a single unit because 
they are intricately patterned. Hence, expected crop output for planning purposes 
would be a single-valued estimate reflecting uniform management (and like inputs 


applications) of the two mountain PPAs. 


-19- 


7 


(Woe ,wollati2a dyiw taro ody bas elloe siltis? (Qos rl 
7 ea 2 - 
18 cf yollay of gevensfl IGA SA froitog fier no ! 


Pore —. » ws) _ 
rit vizonticw brs tasmsgenem siz, ob emerges Ins wilib DSNTSI7E0 ylserso> 


nist WT 6. ansboagshm bennslq sd neo died bas bevabianes ed'ass 2499 ow7 
v 
stewed rin eleriie &scx-bs 9 36. t4urrytesvswod ,zA%9 nistrwom. owl ad7 2AT 


wogiUug yninnag. yt Tuqiiue cor bst>asaxs .s0naH 


DSMISTIE YiSte IIIA 316 Yorit 


27a if bon) themsasn miyolitw gnitoslts? eiemiizes baulsv-siyria 6 sd bluaw 
A ; 


27499 nistnvom owt sri to (ete silgae 









Methods and Materials for Classification 


Soils 

In order to work with the concepts of the RPUs and PPAs, a knowledge of the 
kind and distribution of soils is essential. This knowledge commonly is derived in 
several ways. It can most easily be acquired from published maps and reports 
dealing directly with the subject. These may range from very detailed studies in 
which soils are mapped and described with precision suitable for site management 
to those highly generalized for regional planning procedures. This knowledge can 
also be derived from published and unpublished data dealing with subjects related 
to soils and soil genesis, e.g., geology, vegetation, climate, etc., supplemented by 
exploratory field studies. 

Published information about the kinds and distribution of soils in Costa Rica is 
found mainly in generalized studies dealing with large sections of the country. 
Additional published information is in more detailed studies of relatively inexten- 
sive areas, such as irrigation and drainage project areas. Other information is in 
unpublished notes, reports, and student theses. 

Efforts of the CRIES project to assemble a soil map of Costa Rica were 
coordinated and joined with the efforts of the Natural Resource Division of the 
Office of Agricultural Sector Planning (OPSA). Collaboration of Samuel Perez 
(OPSA), Alfredo Alvarado (University of Costa Rica), and Ellis Knox (consultant to 
the CRIES project and formerly at the Turrialba Center) was valuable for assembly 
and evaluation of published material, introduction of unpublished information, and 
reclassification of the soils. 

In the previously published works, several systems of classifying soils had been 
used. By using descriptive materials that were available, the soils were reclassi- 
fied in terms of a common system, Soil Taxonomy. For those areas for which no 


pedological classification was available, classification was inferred from available 
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data on geology, climate, vegetation, topography, and geologic age. The inferred 
Classification was based on more specific data. Data were sufficiently meager that 
the classifications derived can, in some instances, be considered tentative pending 
completion of additional and more comprehensive studies. 

The soil map was compiled by OPSA on the nine topographic sheets at 
1:200,000 scale of the Costa Rican National Geographic Institute. The map, dated 
March, 1978, has mapping units, mostly associations, based on soil subgroups even 
though it bears the title, "Asociaciones de Grandes Grupos de Suelos de Costa 
Rica." The map, as issued by OPSA, has a legend sheet which lists principal and 
associated subgroups and a few major soil characteristics. Tabular descriptions, 
prepared by the CRIES project, describe the proportions of the component 
subgroups, land form, parent material, underlying material, climatic factors and, 
for each component, slope, drainage, depth, texture, rock fragments, water holding 
capacity, permeability, flooding and ponding, reaction, base saturation, and limita- 


tions for agricultural use (Appendix A). 


Crop Climate 

Climatological data were used in various ways. Annual temperature was 
calculated by subtracting an altitudinal correction from latitudinal temperatures. 
The altitudinal correction was determined by the formula 


altitude 
305 m 


Here, "altitude" means the average of a range of altitudes displayed on topographic 


KER OC 


maps for the PPA. 

Monthly average temperature and precipitation were the keys to classifying 
meteorological stations according to the "Crop Climate Taxonomy." Number of 
wet seasons, average annual temperature, latitude, and total average annual 
precipitations were used to classify the weather stations at the Primary level of 


the "Crop Climate Taxonomy." The monthly average precipitation was evaluated 


eh bes 







a A Se ie = 
ad 


On 2 th 
7 
benstal wT .epe aipolose Dns 5 \vilqexgoget pia ei p* 
* 


reony wepee visnsisliine pw sted BE: siiaage Sonn ng basa ssw noi 







ibreq “vitetnsy besabieies sd esoderent omge nt (NBD bavi rah mnie nien! or7 
,eaibute Svignarlarqmoan. aiom brs lenolsitbe to noitsiqmo> 


dqsimodo! sn ait no AcWO vd boliamed enw cam lice oT 
| Y . ; 


batat qT .stutttenl cingergoeD lenoitsy Mesia ste00 adt 3 6 alsde 000,005; 
ave 2zquomgedua oe mo beesd ,zno i sino<ees yit2OmM ,eIINW BNiqgem eam EXC .foteM 
£7203. sh eolape 3b 200.70. esbiteiD sb 2onoidainozA4siilt oni ersed ai Aguots 
i 

zionixe eed lois seriz bnays! & zor .AdIO vd bowed 26 .qsm SAF "6210 

. = ; . = - 

leiwagiweseb WiwdseT .2nitZzissTOB1eNO Jicz WEN wel & Dns equeripdie bet simwee6 
tnanogmes Sir to enoitmeqaiq air sdiisesb rosioid @31HD sri ‘yd bawegerq 


Jbne 21096! sitemiln sitetam ghiviwbdny ,leitsism Insisq jm? dns! .equorgdve 
sniblonaSsisw yensnrparl x07 (Ss wryst ,itqad SR5nis6wb ,sqolz ,TNSrogmos Mj6s 407 
~stimil baa ,noitésiter sesd ,aoito|es: .gnibnog bas gnibool? ,yrilicsem sg \viioeqs- 


(A xibneqgA) sev lewuritoings 10F 2n0i1 


STeMilD gor 
2ew Swisiaqmet tavuonA 8 .2yew evojsy.m bseu siow s26b issigoloismildD 
zoivimsqmest iscibytite! moi nolsoemop lsniburisis as gnitnertdue ve betsitote= 

slumiod srr vd bDeninnislrebd 26wW MoiI5aS70> lenibutists SiT 


sbutitis ; 
ra COE _— ,. 


>iriqaygedat no beyeigqelb eiburitls to sgn 6 lo sgeTavs SAI weom fabri =" : 


Foo a, A 







a a 

= 7 - ; 

ort wow at “swisteqmst | 
_ 





pruytients wh —— 
bod ate Satine stemitD 901 ) ee NO3AB & 


a — 
ss 4s < 4 : 
ol ,wiereqmer Lsun 


to determine the intensity of any wet season. Generally a wet season was 
recognized as the period during which most of the annual precipitation falls. 
Generally, too, abrupt increases in the monthly average precipitation were easy to 
note and to use to define wet seasons. Classification of the stations at the 
secondary level is achieved with the aid of the simple formula: 

Py ~ PoP, 


n ’ 


Pm = 


where Pm is the average monthly precipitation during the wet season, oe is the 
average precipitation for the n-th month, and n the total number of months taken 
to be in the wet season. Temperature classification at the secondary level was 
completed for the 71 stations for which monthly temperature data were available 
by applying the formula: 


an ieee 


n ’ 


Tw 


where Tw is the average monthly temperature during the wet season, i is the 
average temperature for then n-th month, and n the total number of months taken 
to be in the wet season. Using these values for a given weather station, 
classification for the secondary level can be completed by adding the temperature 
prefix to the modifier, and noting the presence or absence of frost (supplying 
"cryic" or "thermic" to the taxon name). 

After all weather stations were classified, they were located at points 
corresponding to their locations and labelled on maps. Weather stations, once 
classified, are used to form the nuclei of the crop climate map units. Each map 
unit is delineated by drawing lines between nuclei made up of one to many stations. 
The positions of these lines on the map are fixed by a judgemental process. Input 
to this process includes field examination of terrain for changes in vegetation and 
cropping practices. Topography is also taken into account. Existing floristic 


material, especially floristic or Holdridge Life Zone maps, are also used in fixing 
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these lines. In the present state of the art, correlations between specific plants 
and specific crop climates can only be inferred; when additional empirical data are 
available, it should be possible to correlate specific plants with specific crop 
climate taxa. 

At the Primary and Secondary levels of the Crop Climate Taxonomy, each map 
unit may depict associations of climates occurring in repeating patterns across 
areas or gradations to other climates. However, the boundaries of the map units do 
not guarantee that the climate specified for a map unit will never occur outside 
the map unit. Thus, an area may be said to lie in a map unit "Auchmous" which 


adjoins a map unit "Danious", but small areas of "Danious" climate may be found in 


the region designated "Auchmous" and vice versa. 


RPUs and PPAs 

As previously discussed, Resource Planning Units (RPUs) and Production 
Potential Areas (PPAs) are broad segments of landscape in which climate, soils, 
and vegetation occur in a consistent, regular and/or repeating pattern. The former 
are sufficiently extensive that they can be shown on maps of intermediate or small 
scale; the latter comprise segments of the mappable area, and although they are 
too small to be shown conveniently on maps suitable for national planning, they 
could be depicted cartographically on maps of larger scale. 

At the present state of the art, the creation of RPUs and PPAs is largely a 
matter of judgement. Knowledge about the kinds of soils, climate, and natural 
vegetation and their distribution, as portrayed in the soil and crop-climate studies, 
are combined to create broad segments of the national or regional landscape that 
are relatively uniform with respect to the physical environment within which a 
specific kind or kinds of agricultural endeavor can be carried out with expected 


results. 
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The actual process of creating RPUs involves superimposing transparent copies 
of the soil and crop climate maps over the topographic maps, which are used as 
reference maps. Areas uniform with respect to both climate and soil patterns can 
then be outlined. In some situations, PPAs could be identified on the basis of 
physical characteristics but the potential for agricultural use might not be 
significantly different; or a single overriding factor may dictate the potential, or 
lack of it, for economic use. In hete examples, an RPU would be identified but 
they would not be divided into PPAs. As an illustration, the most simple RPU is 
one in which a single kind of soil on uniformly sloping topography occurs in a single 
climatic region, e.g., a hypothetical area of wet loamy soils (Typic Tropaquepts) on 
nearly level (slopes 0-2 percent) plains in a tropic climatic region having 2500 to 
4000 mm annual precipitation which is uniformly distributed throughout the year; 
average annual temperature is higher than 24°C (the climate is Eukrene Pluvid). 

In contrast, RPUs that consist of more than one kind of soil and/or topographic 
situation in combination with climatic regimes which differ over short distances or 
with changes in altitude, aspect, and/or latitude represent situations which 
commonly occur. If the complexly patterned physical environment in a region is 
sufficiently extensive, then PPAs may be more suitable for national planning. 
Commonly, the subdivision of a complex area into a series of less complex 
environments could provide detail considered more appropriate for project planning 
than for national planning. 

PPAs are recognizable from the source materials used in developing the basic 
soil and crop-climate studies. They are significant components of an RPU but at 
the level of generalization required for the Land Resource Base Report, it is not 
feasible to show them cartographically. 

The criteria for establishing PPAs are perhaps best described by example. 


Consider a geographic area consisting of steeply sloping limestone ridges with 
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shallow stony soils separated by level or nearly level ground with deep non-stony 
soils; the two kinds of landscape are of nearly equal extent. For purposes of this 
illustration, climate is uniform throughout the area. Neither landscape is individu- 
ally sufficiently extensive to be considered an RPU, so the two landscapes are 
considered together for planning purposes. The steep ridges comprise one PPA and 
the intervening level ground comprises the other PPA; each has unique potential, or 
lack of it, for agricultural use. 

A corresponding illustration is one in which the soil component remains 
constant and climate differs. Consider a mountainous area with steep slopes and 
predominantly shallow soils extending to elevations of several thousand meters, 
temperatures vary significantly with changes in altitude. In this instance, potential 
for economic use differs at low, mid, and upper ranges of elevation. Each range of 
elevation can be identified as a PPA within the mountain RPU. 

The proportion of an RPU that is represented by a PPA is estimated on the 
basis of the resource scientists' accumulated knowledge about the RPU. In some 
instances the figure can be based on field observations, in other cases by use of 
reference maps, and in yet other situations by use of Rdeement and previous 


experience. Rarely would precise measurement of the extent of PPAs be feasible. 
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RPU Summary Table 

The table of RPUs contains the composition of each RPU in terms of kinds of 
soil and crop climate zones. Each column in the table is described below. 

Dominant soil map unit provides the identification of the most extensive soil 
map unit in the RPU. It is an alpha-numeric symbol used on the March 1978 edition 

of the map, "Asociaciones de Grandes Grupos de Suelos de Costa Rica," 1:200,000. 

Dominant and subdominant soil identifies the one to three principal soils in the 
soil association comprising the soil map unit; the most extensive soil is listed first. 
Where two or three soils are of approximately equal extent, the dominant soil is 
the first one listed by the authors of the soil map. This information is taken from 
the descriptive sheets for the soil map units. 

Percent composition is an estimate of the relative proportion of each soil in 
the soil map unit. These figures are taken from the descriptive sheets for the soil 
map units; estimates of relative proportions were not provided for a few of the 
map units. 

Other soil map units identifies those soil map units, and the soils therein, that 
are distributed throughout the area of the RPU. They are significant inclusions but 
are estimated to make up less than 40 percent of the RPU. These are identified 
from the soil map by the physical scientists after the location of the boundary of 
the RPU has been determined. 

Crop climate zone is the classification of climate at the primary level of the 
"Crop Climate Taxonomy." 

Zone is one of four zones which stratify the earth according to length of day, 
as reflected by latitude, and a broad range of temperature. 

Average annual precipitation is the numerical average of annual precipitation 


for the years of record, as taken from climatic record. 
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Average annual temperature is the arithmetic average of annual temperature 
for the years of record, as taken from climatic records. 

Seasonality indicates the presence or absence of wet season(s) and the period 
of the year in which the wet season(s) can be expected to occur; this is interpreted 


from climatic records. 
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